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ABSTRACT 
Analysis Of The Effects Of 12 Months Accelerated Aging Testing, Obtained At Two 
Equivalent Aging Programs, On A Medical Grade Proprietary Chevron Pouch 
By 
Laurie Carletta Kruczynski 
The Food and Drug Administration requires that all sterile medical devices be tested and 
documented for a labeled shelflife. This thesis analyzed the effects of 12 months of accelerated 
aging testing, obtained at two equivalent aging programs, on a medical-grade chevron pouch 
constructed from a proprietary BOPET/PE film sealed to 1073B uncoated Tyvek®. The 
equivalent of 12 of months accelerated aging was obtained at 55°C and 70°C, and samples were 
also evaluated pre-aging to serve as a baseline for comparison. The aging model was based upon 
ASTM F-1980, "Standard Guide For Accelerated Aging of Sterile Barrier Systems for Medical 
Devices" and the Arrhenius equation. The peel strength of the manufacturer's seal was 
evaluated per ASTM F-88, "Standard Test Method for Seal Strength of Flexible Barrier 
Materials." This thesis demonstrated that there does exist an effect on seal strength due to 
accelerated aging of this pouch, and that effect is equivalent between 55°C and 70°C. 
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INTRODUCTION 
A sterile barrier medical pouch must have sufficient strength to contain its contents during 
packaging, sterilization, distribution and handling. Its challenge is to allow effective penetration 
of a sterilizing agent throughout all surfaces of the package and its contents, to ensure sterility of 
contents is maintained until the package is opened intentionally, and to allow for easy removal of 
the contents without contamination. 
Pouch seal strength is a quantitative measure of the opening force required to provide access 
to the contents of the pouch. In the medical device industry, seal strength is not only relevant to 
opening force, but also provides a measuring tool for process capability, process control, and, 
arguably most importantly, package integrity. The pouch seals must not deteriorate or otherwise 
compromise the sterile barrier. Therefore, positive heat-sealing of a pouch and its ability to 
maintain its seal is essential to maintaining sterility throughout its defined shelflife. The 
minimum seal strength provides important information about the ability of the pouch to perform 
as intended. 
Shelflife is the length of time a packaged product can remain at the typical storage condition, 
prior to use, without adverse effect on its intended use. Before releasing a new or modified 
medical device for human use, the Food and Drug Administration requires validation that the 
device can be stored for a defined shelflife (often 6 months - 5 years) without any decrease in 
performance impacting its effectiveness and safety. The expiration date is the end of the shelf 
life, when the packaged product is no longer validated to function as intended. Package shelflife 
can be validated through real-time aging and accelerated aging. Real-time, ambient samples are 
time-consuming, delay market release and may prevent lifesaving technologies from being 
available to those in need. Therefore, The FDA allows a medical device to be released to market 
based upon successful accelerated aging of the packaged product for the period claimed until 
product expiration. Concurrent with the accelerated aging study, the manufacturer should still 
conduct real-time studies in order to substantiate the data gathered during any accelerated aging 
studies. The accelerated aging tests only provide experimental data that supports shelf life and 
performance claims until real-time samples are completed. 
Real-time aging involves storing a packaged product at ambient conditions over a specified 
time, then evaluating relevant functional properties. 
1 
Accelerated aging can be defined as a procedure that seeks to determine the 
response of a device or material under normal-usage conditions over a relatively 
long time, by subjecting the product for a much shorter time to stresses that are 
more severe or more frequently applied than normal environmental or operational 
stresses. 1
Using a controlled environmental chamber, the packaged product is maintained at a 
logarithmically defined elevated temperature that simulates real-time aging in a shorter time 
period. 
It is prudent to include in the accelerated aging study any stressing factor that may affect the 
functional properties of the package over time, to provide a more realistic model. Additional 
stressors to medical device packaging may include: 
• gamma radiation sterilization
• ethylene oxide sterilization





The ability of package and product designers to precisely predict changes in polymer 
properties is important in the medical device industry. Accelerated aging studies should be 
careful to fall within the package performance limits and avoid entering a destructive region, 
which could create false positive failures. 
Modeling the kinetics of polymer deterioration is difficult and complex, and 
the difficulty is compounded by the fact that a single-rate expression of 
degradation or change developed over the short term may not be valid over the 
long-term service life of the product or material being studied. 2 




• proprietary sealant layers
• ultraviolet filters and




These material additives combined affect the polymer's performance. Also, the functional 
properties of a package depend on the properties of its constituent materials. In order to design a 
test plan that will accurately model the time degradation of a medical package, it is also 
necessary to have knowledge of the materials 
• structure
• orientation
• packaging assembly process
• sterilization process
• distribution system
• storage conditions and
• end use
Many medical grade products and packaging materials are constructed from a limited amount 
of polymers that have been studied and defined over extended periods. 
When designing the accelerated aging test, it's important that variability among samples is 
eliminated, or at least minimized. All package test units should be constructed equally with the 
same process, procedures and content. The temperature selected should not knowingly contribute 
to unrealistic failures that would never occur under real-time aging. For example, if there is 
evidence that an aging effect occurs only with the presence of high heat, a lower, more 
conservative temperature should be used. 
The Arrhenius equation is generally accepted as a valid method for defining the effect of 
elevated temperature on a homogeneous first order rate of reaction. 
A procedure known as the Simplified Protocol for Accelerated Aging (also 
called the "10-degree rule") was developed around the collision theory-based 
Arrhenius model. When applied to well-characterized polymer systems over 
moderate temperature ranges, the test results obtained can be within the required 
degree of accuracy. 3
QI O is the symbol used to express the expected change in the rate of a reaction by each 10° C 
change in thermal environment. The Ql 0=2 calculation developed from the equation assumes 
that the aging process is approximately doubled for each 10°C rise in temperature. The 
temperature for the study must be carefully selected, so that materials are not damaged because 
of conditions that are not expected to occur in real-time or that are outside the recommended 




Accelerated aging techniques are based on the assumptions that the chemical 
reactions involved in the deterioration of materials follow the Arrhenius reaction 
rate function. This function states that a 10° C increase or decrease in the 
temperature of a homogenous process, results in approximately a two times or Yi 
time change in the rate of a chemical reaction.4
Although accelerated-aging techniques and their effect on individual materials are well 
documented, information about their effects regarding maintaining package sterility appears to 
be limited. This is because medical grade packages are constructed from a myriad of material 
combinations and package styles, further confounding the individual effects of accelerated aging 








The scope of this thesis is limited to the effect of 12-months accelerated aging, obtained at 
55° C and 70° C, on the manufacturer's seal of a chevron pouch constructed from Perfecseal® 




ASTM F-88, "Standard Test Method for Seal Strength of Flexible Barrier Materials" provides 
a method for measuring seal strengths and defining the mechanical force required to open a 
pouch. It measures a 1" width portion of the seal only, therefore does not account for seal 
continuity along the entire seam or any other properties. A visual inspection for irregularities 
along the seam was performed prior to cutting the 1" samples. 
Medical device manufacturers have two generally accepted standards to follow when 
conducting sterile packaging validations. The American Society for Testing and Materials 
(ASTM) publishes ASTM Fl 980, " Standard Guide For Accelerated Aging of Sterile Barrier 
Systems for Medical Devices." The American National Standards Institute (ANSI), The 
Association for the Advancement of Medical Instrumentation (AAMI) and The International 
Organization for Standardization (ISO) jointly publish ANSI/AMI/ISO 11607, "Packaging For 
• Terminally Sterilized Medical Devices". Each standard references the other. Although they
both discuss shelf stability, only ASTM F l  980 specifically discusses using the Arrhenius









ISO 11607 merely makes a general statement that manufacturers "shall demonstrate that, 
under the rigors of distribution, storage, handling, and aging, the integrity of the final package is 
maintained at least for the claimed shelf life of the medical device under storage conditions 
specified by the manufacturer, as long as the package is undamaged or unopened," without 
specific guidance on how to conduct accelerated aging studies. This thesis research was 
conducted within the guidelines of both standards, with ASTM F1980 consulted to calculate real­
time aging days. 
Materials 
This thesis will analyze a double-sided chevron pouch constructed from Perfecseal® 35890-G 
sealed to 1073B Tyvek. The 35890-G / Tyvek film combination was selected because of its 
wide usage in the sterile medical packaging industry. The film side is highly durable due to .48 
mils of biaxally-oriented polyester and 2.0 mils of polyethylene. The polyethylene provides the 
sealant side to the uncoated Tyvek. The pouches are compatible with electron beam, gamma 
radiation and ethylene oxide methods of sterilization. (Reference Appendix D) 
The overall pouch dimensions are 5" x 10.25". Seal width is 3/8", a standard width for heated 
bar and impulse sealers often used to seal medical grade pouches. (Reference Appendix E) 
All pouch samples are product-grade and from the same manufacturing lot, to eliminate 
potential variability. The pouches were tested at the manufacturing facility and shown to 
• conform to the specifications and drawings included. A signed Certificate of Compliance was
provided by Perfecseal® to demonstrate that the pouches meet all specified criteria. (Reference
Appendix F)
After FedEx receipt of 500 pouches from the Perfecseal® manufacturing facility in 
Philadelphia, PA, they were stored in their original bag and box, in a clean and dry environment, 
away from any direct heat. Storage conditions were maintained at 18°C-24° and 40-55% RH, 
per the manufacturer's recommendations. When testing commenced, 200 pouch samples were 
randomly selected. They were visually inspected for damage and abnormalities. None were 
detected; therefore, all 200 samples were accepted for use. The samples were divided into 3 
1 groups of 64 samples each, and the extra 8 samples held for use in case of problems during set­












The first group of 64 was used for immediate evaluation of peel strength of the 
manufacturer's seal. All peel strength testing was performed per ASTM F-88 Technique A and 
with a Thwing-Albert sample cutter (Reference Appendix G) and calibrated Instron Tensile 
Tester (Reference Appendix H). 
This provided a baseline for pouch seal strength prior to aging. The next 2 groups were 
accelerated aged for 12 months of shelf life, as follows: 







• Instron Tensile Tester
• Thwing Albert Sample Cutter










Equipment used will be documented in the thesis. Applicable equipment shall be calibrated 
and/or qualified by a certified technician. 
Procedure and Test Parameters 
* A minimum specific humidity of 9 .2 g/kg will be acceptable. This is the specific humidity
equivalent to 20% relative humidity of 40C, the typical controlled minimum of most 
environmental chambers . 
DEFINITION OF VARIABLES 
Table 2 - Variables 
AAR Accelerated Aging Rate 
AATD Accelerated Aging Time Duration 
DRTA Desired Real Time Aging (days) 
AAT Accelerated Aging Temperature (C0) 
AT Ambient Temperature (C0) 
Qio Accelerated Aging Factor* 
*Q10 = 2 is the generally accepted medical device industry standard.
Equations: 
Step l .  AAR = Q1o/\ ((AAT - AT) /10) 
Step 2. AATD = DRTA / AAR 
Example: Time duration calculation for accelerated aging of a medical product: 
One year shelf study at 55° C, where ambient temperature is 21.82° C and Q10= 2 
AAR = QlO /\ ((AAT-AT) /10) 
AAR = 2 /\ ((55 - 21.85 / 10) = 9.9 
DRTA = 1 year x 365 = 365 days 
AATD =DRTA/ AAR 
AATD = 365 I 9.9 = 36.6 days 
One year shelf study at 70° C, where ambient temperature is 21.82° C and Q10= 2 
AAR = QlO /\ ((AAT-AT) /10) 
AAR = 2 /\ ((55 - 21.85 / 10) = 28.2 
DRTA = 1 year x 365 = 365 days 
AATD = DRTA I AAR 
AATD = 365 I 28.2 = 12.9 days 
NOTE: 55° C and QJO =2 are the most commonly used factors for medical devices and medical 
• packaging components.
• 
After completion of aging, the 2 groups of samples were tested for peel strength of the 
manufacturer's seal. 
DATA RESULTS 








Measuring and recording specific seal strengths yielded variable data, and 64 samples at each 
aging parameter are sufficient to provide a >95% confidence level for measuring mean seal 
strength. Confidence is the risk of accepting a false null hypothesis and provides a range of 
values that is estimated to contain the population parameter. There were sufficient samples to 
provide confident and reliable results. 
Looking closely at the data, two potential outliers in the 55° C data set were considered
0.56939 and 0.18439. Outliers in a data set can have a large effect on both the mean estimate 
and confidence interval. The 0.18439 value was only approximately 10% of the mean, so it was 
rejected and attributed to measurement or operator error. With that outlier removed, Excel 
Descriptive Statistics were performed again and the second potential outlier value of 0.56939 
was re-checked. It remained an outlier and also a strong candidate for measurement or operator 
error. The 70° C and benchmark data sets did not appear to have any measurement or operator
errors of significance, therefore these were the only 2 values in all 3 of the data sets (180 total) 
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Figure 1 - Outcomes - Benchmark 
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The next step of data analysis was to perform Excel Descriptive Statistics on each data set, to 
determine if the data was normal. Skewness values were small, an indication of normalcy. 
Additionally, histograms showed values were within rough ranges to consider that the data at 
each aging parameter was normal. Specifically, the visual representation of the histogram 
showed a normal distribution, with observations clustered around a particular value into a bell 
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Skewness< Sqrt (6/N) 
Kurtosis < Sqrt (24/N) 
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Skewness < Sqrt (6/N) 
Kurtosis < Sqrt (24/N) 









































12 r 1 120.00% Standard Error 0.03600952 
Median 1.716385 
Mode #N/A 
10 I n II -�1100.00% Standard Deviation 0.28807615 
Sample Variance 0.08298787 
I: j�; 
80.00% Kurtosis -0.0261313 
Skewness 0.2521167 
60.00% 
-Frequency Range 1.31067 
� Cumulative % Minimum 1.13752 
Maximum 2.44819 
40.00% Sum 108.96873 
Count 64 
,, """""[ 20.00% Confidence Level\95.0%l 0.07195928 0 ........ u..J.L.U..il.. .00% 
- � � � � "! � «! � � � � � � f Sqrt (6/N) 0.30618622 
---------NNNNN O 
Sqrt (24/N) 0.61237244 
Bin Skewness < Sqrt (6/N) yes 
Kurtosis < Sqrt (24/N) yes 
Figure 5 - 70° Histogram and Descriptive Statistics 
Next, the F-Test - Two Sample analysis was performed to compare variances for all 3 
combinations. Variance is the deviation from what was expected and the sum of the squared 
deviations of n measurements from their mean divided by (n-1 ). The P-Value is the probability 
that what you are assuming is true. If the P-value is less than 0.05, it is assumed the variances 
are different. Greater than 0.05, it's assumed they're equal. The 55° C / 70° CF-Test showed the
variances are equal. The 55° C / Ambient and 70° C / Ambient F-Tests showed that the
variances are different. The F-Test determines which T-Test should be used, since there are two 
different T-Tests ( one for equal variance, the other for unequal variance). 
The T-Test compares samples to determine if they come from the same population. The first 
step to the T-Test is to confirm that the data is normal, because it is more accurate with normal 
data. Skewness, histograms, and residuals had already determined the data were roughly normal. 
The T-Test For Equal Variance for 55° C / 70° C data showed that the P-Value (probability
that null hypothesis was wrong) was > 0.05, so we do not reject the null hypothesis and we 
assume the means are equal. 
The T-Test For Unequal Variance for 55° C / Ambient data showed that the p-value is< 0.05.
so we reject the null hypothesis. The T-Test for Unequal Variance for the 70° C / Ambient data
showed that the P-Value is< 0.05, so we again reject the null hypothesis. 
The null hypothesis states that the means are equal, so if we reject it, we're assuming that the 
means are unequal. Therefore, it is demonstrated that the peel strength is statistically different 
between the 55° C / Ambient and 70° C / Ambient, but NOT statistically different b/w the 55° C
14 
• 
I 70° C. This proves that there is an effect on seal strength due to aging, and that effect is 
equivalent between the 55° C and 70° Caging parameters . 
15 
CONCLUSION 
Use of an accelerated aging protocol can be a valuable tool for medical device manufacturers 
to obtain critical package performance and shelf-life data on new products and packaging. 
However, there are issues that should be kept in mind when using this technique. Unrealistic 
negative outcomes may be produced because of heat degradation. The protocol is based on an 
assumption that all materials in the study follow an equivalent rate of degradation when selecting 
an aging temperature, even though many different materials may be involved in both the product 
and the package. 
16 
SIGNIFICANCE OF RESEARCH 
The Food and Drug Administration (FDA) requires all sterile medical devices be tested and 
documented for a labeled shelf life. Accelerated aging studies are acceptable methods of 
determining expiration date. Standard practice for accelerated aging allows for selection of 
temperature, based upon the products and packages thermal transition temperatures. There is an 
inverse relationship between time needed to simulate aging and temperature selected: higher 
aging temperature yields shorter test duration. With the desire to be quick-to-market, there are 
advantages to selecting a high (or aggressive) aging temperature. 
In my experience, I've observed both increases and decreases in peel strength post-accelerated 
aging. If the peel strength increases too much, the fibers may tear or the sterile presentation may 
be compromised as the user struggles to open the pouch. If the peel strength decreases too much, 
the pouch may open during distribution and handling, permitting an intrusion of microbes and 
compromising the sterile barrier. This research will investigate the correlation between 
temperature selected for aging and final seal strength. This will help quantify the risks when 
selecting a temperature for accelerated aging, allowing a medical device manufacturer to make a 
more informed decision when validating sterile packaging. 
17 
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A P P E N D I X  A :  I N S T R  O N  P R I N T E D  D A T  A  - A M B I E N T  S A M P L E S  
M a x i m u m  L o a d  
L e n g t h  
W i d t h  
S a m p l e  
( l b f )  R a t e  l  ( i n /  m i n )  
( i n )  ( i n )  
I  1 . 9 3 4 6 2  1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
2  1 . 6 0 4 8 6  
1 0 . 0  
4 . 2 5 0 0 0  1 . 0 0 0 0 0  
3  
1 . 5 9 6 6 6  1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
4  1 . 8 9 0 9 3  1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
5  
1 . 7 3 2 3 0  1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
6  
1 . 7 8 0 6 7  
1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
7  
1 . 7 5 5 2 2  1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
8  
2 . 0 6 9 6 7  1 0 . 0  
4 . 2 5 0 0 0  1 . 0 0 0 0 0  
9  1 . 8 3 0 2 7  1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
1 0  1 . 6 8 1 6 1  1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
1 1  
1 . 9 7 1 8 0  1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
1 2  1 . 5 0 5 1 2  
1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
1 3  
1 . 7 4 0 3 3  1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
1 4  2 . 0 2 9 2 2  1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
1 5  2 . 2 7 4 5 2  
1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
1 6  2 . 1 7 6 1 2  
1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
1 7  
1 . 4 1 6 2 3  
1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
1 8  
2 . 2 5 5 3 0  1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
1 9  
2 . 0 1 1 5 1  1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
2 0  
2 . 2 0 2 8 8  
1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
2 1  1 . 7 1 6 4 6  
1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
2 2  
1 . 9 9 0 9 5  
1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
2 3  
1 . 8 0 1 4 4  
1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
2 4  1 . 5 8 0 0 0  
1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
2 5  
1 . 9 4 8 1 0  1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
2 6  1 . 7 8 6 9 0  
1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
2 7  
2 . 0 0 2 6 0  1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
2 8  
2 . 0 3 6 7 8  
1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
2 9  
1 . 8 0 3 0 6  
1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
3 0  
1 . 6 4 5 4 5  1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
3 1  
1 . 8 7 2 4 1  1 0 . 0  
4 . 2 5 0 0 0  1 . 0 0 0 0 0  
3 2  
2 . 1 9 7 6 0  1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
3 3  
1 . 8 2 2 7 4  1 0 . 0  4 . 2 5 0 0 0  
1 . 0 0 0 0 0  
- - -
3 4  1 . 9 0 2 0 2  
1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
3 5  
1 . 7 4 3 6 7  1 0 . 0  
4 . 2 5 0 0 0  1 . 0 0 0 0 0  
3 6  
1 . 9 7 4 7 5  1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
3 7  
1 . 6 9 2 9 8  
1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
3 8  
2 . 0 1 1 2 6  1 0 . 0  
4 . 2 5 0 0 0  1 . 0 0 0 0 0  
3 9  
1 . 7 5 8 8 8  
1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
4 0  
1 . 5 4 0 3 3  
1 0 . 0  4 . 2 5 0 0 0  1 . 0 0 0 0 0  
4 1  1 . 8 6 5 6 6  
1 0 . 0  4 . 2 5 0 0 0  
1 . 0 0 0 0 0  
4 2  
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